Experimental Procedures
Soil and plant analyses were done on samples from five localities: two from the Mediterranean coast in Montenegro (Tivatska Solila, Ulcinj Salina) and three from an inland saline area in the Pannonian plain in Serbia (Slano Kopovo, Melenci, Okanj) ( Figure 1 ). Ulcinj Salina is the largest salt supplier in Montenegro and Tivatska Solila the second largest, while the three localities in the Pannonian plain are situated in the prime agricultural area of Serbia, the Vojvodina province. The saline areas from Montenegro are under higher anthropogenic pressure than the localities from the inland saline area.
At each site, three cylindrical soil cores were taken from the top 30 cm and mixed. From each site 300 g of soil were air-dried, crushed, and sieved. The pH value was determined in soil suspension with water (10 g:25 ml) by potentiometric determination in a slurry s ystem using an electronic pH meter. The content of total water soluble salts was determined in the water-saturated soil paste, measuring electrical conductivity (%) [22] . The free calcium carbonate (CaCO 3 ) content was determined in accordance with ISO methods for soil quality. Organic matter content was measured by the method of Tjurin, while the total content of nitrogen was determined by the AOAC Official Method.
Total soil metal concentration was determined by microwave assisted digestion using the USEPA Method on a Milestone Ethos 1 microwave sample preparation system. Analysis was subsequently performed using ICP-OES (Varian Vista Pro-axial). EDTA-extractable fractions of Al, Co, Cr, Cu, Fe, Mn, Ni and Zn were determined by the EDTA extraction protocols for IRMM BCR reference materials CRM-484: 5 g soil/50 ml EDTA concentration 0.05 mol/L pH=7.00 on the Varian AAS Spectra AA 600 flame system. Quality control was periodically carried out with IRMM BCR reference materials CRM 484. Deviations were within ± 10% of the certified values. EDTA-extractable fractions of Al, Co, Cr, Cu, Fe, Mn, Ni, and Zn were regarded as an indicator of the plant-available fraction of the soil.
Suaeda maritima, Salsola soda, Salicornia europaea, and Halimione portulacoides were harvested in September of 2006. At the same time soil samples were collected from the five localities analyzed. Plant species were determined at the Department of Biology and Ecology, University of Novi Sad. Individual plants were divided into three components (root, stem, and leaves) and carefully washed in distilled water. Plant samples were then oven dried at 80°C overnight and ground into powder for metal concentration analysis. Total metal concentrations in plant tissues were determined by an ICP-OES (Varian, Vista-Pro) after digestion in a mixture of 10 ml of HNO 3 (65%) and 2 ml of H 2 O 2 (30%) using the microwave technique. All data shown in the tables are mean values.
Data were statistically processed by analysis of variance using STATISTICA for Windows version 10.0. To estimate the metal uptake rates by plant from the measured concentrations in the soil, we used the transfer factor (TF). The transfer factor is defined as TF = metal concentration in plant aboveground organs/ metal concentration in soil.
The significance of differences in concentrations of heavy metals between the plant organs was determined using Duncan's test (P≤0.05). Differences in transfer factor values among the species were tested using Duncan's test, while those between the populations from maritime and inland saline areas were tested with a Mann-Whitney U test at P≤0.05.
The translocation factor (TNF) was calculated by the ratio of [metal] leaves /[metal] roots (TNF3) and also by the ratio of [metal] stem /[metal] roots (TNF2), expressing the metal's translocation within the plant, from the root to the leaves and the stem [7] . The TNF from the soil to the roots was also calculated (TNF1).
Spearman's correlation coefficients were used to correlate the relative concentrations of metals in plant organs (root, shoot, and leaves) and soil properties. Correlations were also calculated among the concentrations of different heavy metals in the plant.
To gain knowledge of the significant groupings of studied metals and delineate the dominant processes by which metals were sourced in the roots, stems, and leaves of the analyzed plants, the metals data set was subjected to Factor Analyses.
Results
Soil samples with the lowest content of salt were found in localities from the inland saline areas (0.56-0.65%), whereas in soils from the maritime areas considerable amounts of salts were detected (0.8-1.5%) ( Table 1) . Alkaline reaction was the highest at the Melenci locality (10.60) and the lowest at the Tivat site (8.11) . Concentrations of organic matter were higher in the maritime saline areas than in other sites. In addition, sediment collected from Ulcinj Salina contained the highest amount of CaCO 3 (8.83%) and the highest proportion of N (0.25%). Soil analyses showed that all of the investigated localities had high total contents of iron, aluminum, and manganese, while the extractable contents (EDTA) of these metals were lower. Soil samples from the maritime saline areas had high cobalt, copper, and zinc than the localities from the inland saline areas. These samples (especially the one from the Ulcinj Salina locality) also had higher chromium and nickel compared with those from the inland saline areas. Concentrations of these two metals (mg/kg air-dried soil) were above the maximum tolerable soil concentrations of hazardous and harmful substances, which are 100 mg/kg for Cr and 50 mg/kg for Ni in the country [23] . On the other hand, extractable contents of these metals were very low. The extractable contents of Al, Co, Cu and Ni were below the detection limit. For these elements method detection limits (MDK) are 0,02521 mg/kg (Al), 0,00234 mg/kg (Co), 0,00342 mg/kg (Cu) and 0,00342 mg/kg (Ni).
Heavy metal concentrations in different plant organs of four halophytes from different localities are listed in Table 2 . Generally, the roots had significantly higher concentrations of metals compared to stems and leaves. Zn was the only metal the concentration of which was significantly higher in the leaves than in the root and stem.
Metal contents in plant organs varied among localities, which reflected the edaphic conditions. Populations from maritime saline areas had higher trace metal concentrations in the root and stem than populations from inland saline areas. Other than that, populations from inland saline areas had higher heavy metal concentrations in the leaves, except in the case of Zn.
Roots of H. portulacoides, S. europaea and S. maritima from maritime saline areas accumulated much more metals than the stem and leaves. The highest concentrations of heavy metals in aboveground organs were detected in continental populations of S. maritima.
The concentration of Co was below the detection limit in the roots of S. maritima from Slano Kopovo and in the stems and leaves of S. soda from Okanj.
The translocation of metals from the soil to the roots, which was expressed by the translocation factor (TNF1), varied from 0.01 (Cr) to 0.55 (Al) ( Table 3 ). The TNF2 for metals from the roots to the stems varied from 0.16 (Cu) to 4.70 (Fe). The translocation of metals from the roots to the leaves (TNF3) ranged from 0.09 (Cr) to 6.45 (Ni) . Looking at all the analyzed species, Ni and Zn were the metals with the highest mobility from the roots to the leaves, while Cr was the least mobile. Among the examined species, the highest values of TNF3 were found in the populations of S. maritima.
The concentrations of Co, Cr, Fe, Mn and Ni in plants were strongly positively correlated with each other at P<0.05 ( Table 4 ). Concentrations of Cu and Zn were not significantly correlated with any of the other trace metals.
Correlation analyses were also performed with the concentrations of each metal in the plants versus soil properties ( Table 5 ). Significant correlations were found, but they varied within species and elements. In the root, negative correlations were found in H. portulacoides between most of the examined metals and pH and in S. maritima roots between pH and the concentrations of Al, Cr and Fe. In H. portulacoides and S. maritima roots, correlations were significantly positive between most of the examined metals and percentage of salt in the soil. Similar trends were also observed for aboveground organs. Negative correlations were recorded only in H. portulacoides between pH and all metal concentrations in the stem, as well as Al, Cu, Fe and Ni concentrations in leaves. H. portulacoides had significantly positive correlations of metal concentrations in the stem, as well as in leaves (except for Cr and Mn) with the percentage of salt in the soil.
The factor analysis indicated the presence of four groups of analyzed parameters, which explained 88.67% of the total variation ( Table 6 ). The most variable were the concentrations of heavy metals in roots and stems. The first principal component explained 41.29% of the variation. It was defined by the accumulations of Al, Co, Cr, Fe and Ni in the root and stem and Mn in the stem. The second principal component explained 24.72% of variation due to the variability of Al, Co, Cr, Fe, Mn, and Ni concentrations in the leaves. The third and fourth principal component explained 14.28%, and 8.39% of variation, respectively. Parameters that did not contribute significantly to the total variation were the accumulations of Zn in the root and leaves, Mn in the root, and Cu in the leaves.
In S. maritima, the transfer factors for Al, Co, Cr, Fe, Mn and Ni were low, while those for Cu and Zn were significantly higher than 1 (Figure 2) . H. portulacoides had the highest transfer factor for Al, Fe, Cr, Mn and Co. Duncan's test showed significant differences in transfer factor for these elements between H. portulacoides and species from the other investigated localities, while H. portulacoidese and S. maritima showed no 
Discussion
The plants' response to trace metals in the soil depends on the total soil metal concentration, the plant species, and on the bioavailability of the metal itself [17, 24] .
The investigated samples of soil with the lowest content of trace metals were those that originated from inland saline areas. Lower anthropogenic pressures and lower concentration of organic matter are factors that promote lower accumulation of trace metals in such areas [21, 25] . Soils from inland saline areas are salinized with NaCO 3 [26] . The other two localities, Tivat and Ulcinj Salina, are under higher anthropogenic pressure and contain more soil organic matter. The concentrations of Cr and Ni in the two localities from the Adriatic coast were very high. On the other hand, the extractable content of heavy metals (EDTA) was very low for Cr and lower than the detection limit for Ni, so the concentrations of these metals in the root, stem and leaves were not so high overall.
The high concentrations of Al and Fe found in the analyzed species were congruent with the high concentrations of these elements found in the soil samples.
The roots of Salicornia europaea and Halimione portulacoides accumulated much more heavy metals than the above-ground organs, which was in accordance with the previous work by Williams et al. [5] . The same kind of distribution was reported for Zn, Cu, Ni and Co in Halimione portulacoides from the Tagus estuary by Sousa et al. [7] . Populations of Suaeda maritima from the inland saline areas preferred accumulation of metals in the above-ground parts (stems and leaves), while populations of the same species from the maritime saline areas preferred accumulation in the root. The variable results with Suaeda maritima may have been due to differential water logging within sites that affected metal uptake [27, 28] .
The limited mobility of the metals in the halophytes may be explained by the fact that metals are accumulated in the below-rather than above-ground parts of halophytes. This was also shown by the low translocation factor in all the investigated plant species. Sousa et al. [7] reported that the translocation factor in Halimione portulacoides was lower than 1, which this study confirms. The high mobility of Ni and Zn [7, 15] may explain the highest translocation factors observed for these metals when considering the allocation of metals from the root to the leaves and from the root to the stems.
The correlation matrix showed that concentrations of most of the investigated heavy metals in plants were significantly positively correlated with each other, which supports the previous work by Agoramoorthy et al. [24] . This indicates that when plants accumulate one element, it can be expected that they will accumulate other heavy metals as well.
Some previous studies show poor correlations between metal uptake by plants and metal concentration in soils [27, 29] . Gregory et al. [30] indicated that concentrations of Cu, Ni, Fe, and Mn in Typha latifolia L. root tissues correlated with concentrations in wetland sediments. Strong positive correlations were indicated between Pb, Zn and Cu concentrations in sediments, either the total or DTPA fraction or both, and tissues of Leersia hexandra Sw., Equisetum ramosisti Desf. and Juncus effusus L. Deng et al. [31] found that pH and soil nutrients affected metal uptake by wetland plants. In on pH, and this dependence increased significantly under more alkaline conditions. Other soil properties such as percentage of salinity and concentration of cations also affected metal uptake by halophytes. The influence of climatic conditions on salt concentration was explained in detail in our previous work [32] . In this study a positive correlation was found between the percentage of salt in the soil and almost all the investigated metals in underground and aboveground organs of H. portulacoides as well as in the roots of S. maritima. These findings are not in agreement with previous investigations on other salt marsh plants [27] and wetland plants [31] . Factor analysis indicated four groups of analyzed parameters. The dominant first factor that portrays accumulations of heavy metals in the root and stem, confirms the contaminated condition of the studied localities. Factor 2 supported this and showed variability in accumulation of heavy metals in the leaves of analyzed species. The results indicate that anthropogenic sources of metals influence and pollute the biotic community in those ecosystems of Serbia and Montenegro.
Baker [33] suggests two basis categories of plants: accumulators and excluders. Some plant species, described as hyperaccumulators, can accumulate extremely high levels of metals in their tissues compared to accumulators. Phytoremediation has used those plants for soil remediation [34] [35] [36] . A comparison of our results with the criterion used to classify the hyperaccumulator plants [37] indicated that the plants we analyzed from inland and maritime saline areas were not hyperaccumulators. This was confirmed by their generally low transfer factor. Only S. maritima had transfer factors higher than 1 for Cu and Zn, so this species could be considered for the phytoremediation processes in soils polluted with these metals. In recent research, unfortunately, there is very little data on the transfer factor for halophytic plants from natural habitats that could be comparable. Agoramoorthy et al. [24] reported average transfer factors of heavy metals found in five halophytes from India. These results are similar with the results of our investigation.
A comparison of our results with typical levels for some heavy metals in plants given by Boularbah et al. [17] has shown that the investigated species fit in the range considered as normal (Cu 3-30 mg/kg, Zn 10-150 mg/kg).
Nowadays, salt marshes are very vulnerable ecosystems because of the increasing number of industries that are located near them and the consequent deposition of pollutants in this environment [38] . One of the reasons why we investigated halophytic species was to find some plant species that can improve the quality of saline soils. Although our results showed that S. maritima is not a hyperaccumulator plant, this species (only few species could maintain full vegetation in this ecological condition) could help in the cleaning of contaminated salty soils and could be used in the phytoremediation processes. Those studies also confirmed that the percentage of salt in the soil affects the accumulation of metals in the root and aboveground organs of H. portulacoides and in the root of S. maritima. These factors also need to be taken into account when choosing salt marsh species for remediation.
